Abstract
·Clinical Research· Impact of topical nonsteroidal anti-inflammatory drugs in prevention of macular edema following cataract surgery in diabetic patients INTRODUCTION 
C
urrently, phacoemulsification and intra-capsular intraocular lens (IOL) is one of the most performed surgical procedures [1] . Cataract in diabetic patients with its high prevalence and earlier age of development is considered as a major problem against adequate fundus examination and laser photocoagulation therapy in addition to decreasing visual acuity (VA) [2] . Macular thickening is a well-known post-operative complication after cataract surgery, even with uncomplicated surgery [3] .
Clinical cystoid macular edema (CME) can be identified on biomicroscopic examination and associated with decreasing VA. After phacoemulsification surgery, clinical CME has been reported to be less than 3% in healthy population [4] . Subclinical CME is diagnosed with fluorescein angiography as leakage from perifoveal dilated capillaries without VA affection. After uncomplicated phacoemulsification in healthy individuals the incidence of subclinical CME has been reported to be less than 20% [3] . The pathophysiology of diabetic retinopathy (DR) is mainly microangiopathy in which small blood vessels are affected by occlusion and leakage [5] . The blood retinal barrier in diabetic eyes is impaired to a variable degree and is responsible for developing post-operative CME depending on many factors including duration, severity of disease, presence of retinopathy and previous treatment with photocoagulation or steroid injection [6] . Post-operative CME had been reported with its strong association with non-insulin dependent diabetes mellitus (NIDDM) more than insulin dependent diabetes mellitus (IDDM) [7] . Many studies reported that retinopathy and macular changes in diabetic patients were accelerated by cataract surgery [8] . But other studies attributed this acceleration to the natural course of diabetic disease [6, 9] . Fluorescein angiography is considered a golden standard for diagnosing macular edema, however, quantification of fluorescein leakage is difficult. Optical coherence topography (OCT) nowadays, has an upper hand in the diagnosis of macular edema because of its advantages as a non-invasive device, in addition to detecting macular edema quantitatively [10] as well as qualitatively [11] . Recently, an increased evidence that prostaglandins (PGs) play a role in pathogenesis of DR and macular edema is reported [12] . In spite of using corticosteroids as a golden standard for treating ocular inflammation, it was associated with adverse effects that warrant their judicious use. Multiple side effects of topical steroids made it unsafe for extended periods. Topical corticosteroids side effects included suppression of host immune response which increases the susceptibility to microbial infections, retardation of corneal epithelium and stromal wound healing, and rise in intraocular pressure (IOP) [13] . Non-steroidal anti-inflammatory drugs (NSAIDs) are potent anti-inflammatory medications which decrease proinflammatory PGs by their inhibitory effect on cyclooxygenase (COX) [12] . The therapeutic efficacy of topical NSAIDs might have a role in the treatment of allergic conjunctivitis, postoperative inflammation, pain and macular edema in addition to stability of intraoperative dilated pupil [14] . Also, intravitreal diclofenac was effective in the treatment of diffuse diabetic macular edema (DME) up to 12wk compared to therapeutic effects of intravitreal triamcinolone on retinal thickness [15] . This study was conducted to evaluate the efficacy of prophylactic administration of topical NSAIDs on macular edema following cataract surgery in diabetic patients and to compare between types of NSAIDs (ketorolac tromethamine 0.4% and nepafenac 0.1%) in preventing macular edema in diabetic patients undergoing phacoemulsification cataract surgery.
SUBJECTS AND METHODS Patient Enrollment
This comparative prospective randomized clinical trial (RCT) was conducted at Mansoura Ophthalmic Center, Mansoura University from December 2015 to January 2017. The study protocol was approved by Medical Research Ethics Committee, Faculty of Medicine, Mansoura University (No.MS/15.12.09) and informed consent was obtained from each participant in the study after assuring confidentiality. Inclusion criteria were diabetic patients with senile immature cataract scheduled to undergo cataract extraction and posterior chamber IOL implantation. Exclusion criteria were: 1) anterior segment pathology (corneal opacities, pseudoexfoliation syndrome, dense cataract interfering with OCT imaging); 2) posterior segment pathology, e.g. DR, previous retinal photocoagulation therapy, DME, age-related macular degeneration, retinal vascular diseases or history of uveitis, intraoperative complications including: posterior capsular rupture, vitreous loss or IOL not implanted in the capsular bag; 3) postoperative complications: e.g. increased IOP, leaking incision, inflammation or corneal edema; 4) patients using concomitant medication such as topical or systemic NSAIDs, steroids which may interfere with the assessment of the study outcome measures, topical prostaglandin analogues; 5) hypersensitivity to the NSAID drug class; 6) previous intraocular surgery and ocular trauma to the same eye. Study Protocol Preoperatively, patients had been subjected to meticulous ophthalmic examination, including history related to the duration, control and medications of diabetes mellitus and previous ocular surgery or trauma, measurement of best corrected visual acnity (BCVA), anterior segment examination by slit lamp, fundus examination using noncontact Volk lens +78 D, IOP using applanation tonometer, A-scan and B-scan ultrasound and baseline spectral-domain OCT of the macula scan using Topcon 3D 1000OCT (Hasunuma-cho, Itabashi-Ku, Tokyo, Japan). Postoperative follow up at first day using slit lamp was done to exclude any patient with postoperative pathology as severe corneal edema, anterior chamber flare and cells, abnormal IOL position or abnormal IOP. Postoperative follow up at first week, first month, second month and third month was done in regard with BCVA assessment and OCT to measure the central macular thickness (CMT). Simple random sample by method of sealed envelopes was used; every patient in the study had the same chance to be allocated to any of the 3 studied groups: group 1, patients received artificial tears substitute as placebo group in the operative eye four times a day (breakfast, lunch, dinner and before bedtime); group 2, patients received nepafenac 0.1% (one drop three times a day; breakfast, lunch and before bedtime); group 3, patients received ketorolac tromethamine 0.4% (one drop four times a day; breakfast, lunch, dinner and before bedtime). They began medications for two days preoperatively and continued for two months postoperatively. In addition, patients received standard regimen of topical steroid-antibiotic drops 4 times daily for a week and then tapered over the next 3wk. Surgical Technique All phaco-operations were performed by the same experienced surgeon. The standardized surgical technique was clear corneal incision, phacoemulsification using divide and conquer technique, and posterior chamber foldable IOL implantation into the capsular bag. Statistical Analysis Data was fed to the computer and analyzed using IBM SPSS (statistical package for social science) software package version 20.0. Qualitative data were described using number and percent. Quantitative data were described using median (minimum and maximum) for nonparametric data and mean, standard deviation for parametric data after testing normality using Kolmogrov-Smirnov test. Significance of the obtained results was judged at the 5% level. (Table 1) .
RESULTS

Demographic Data and Clinical Characteristics
Comparison Between Control Group and NSAIDs Group
Best corrected visual acuity The difference in the BCVA was statistically insignificant between the two groups at the preoperative assessment, post-operative first week and first month. However, the BCVA improved at first week in control group to 0.25 (0.2-0.8) from 1.1 (0.6-1.5) preoperatively and in NSAIDs group to 0.3 (0.2-0.8) from 1.1 (0.6-1.5) preoperatively. There was statistically significant differences in comparison between patients of the two groups regarding the BCVA three months postoperatively with P=0.04 (Table 2) .
Central macular thickness OCT CMT was listed in Table 3 .
The difference in the preoperative OCT CMT was statistically insignificant between both groups with thickness ≤250 µm.
At the first postoperative month, CMT started to show high statistically significant difference between control group (255.7±33.2 μm) and NSAIDs group (234.5±26.16 μm). CMT difference remained highly statistically significant at the third month postoperatively between control and NSAIDs groups with P=0.004 (Table 3) . Changes in central macular thickness from preoperative to 3 rd month There was a high statistically significant difference between the two studied groups regarding median CMT changes with high median change in control group 22 µm (-26.0, 188.0) in comparison to NSAIDs group 1.00 µm (-54.0, 39.0) ( Table 4) . Comparison Between Nepafenac and Ketorolac Groups Best corrected visual acuity The difference in the BCVA was statistically insignificant between the two NSAIDs groups at preoperative assessment and post-operative follow up visits (Table 5) . Central macular thickness The preoperative difference in the OCT CMT was statistically insignificant between two groups with thickness ≤250 µm ( Table 6) . At third month postoperative, the difference in the CMT was statistically insignificant between NSAIDs groups with P=0.8. Changes in central macular thickness from preoperative to 3 rd month postoperatively There was a statically insignificant difference between Nepafenac and ketorolac groups regarding median CMT changes with P=0.71 (Table 7) .
Complications No cases had shown complications related to the medication (NSAIDs) used in this study as: prolonged bleeding time, keratitis, epithelial breakdown, delayed wound healing or hypersensitivity to NSAIDs. Twelve eyes of 40 (30%) in control group had an intraoperative poorly dilated pupil with no case was detected in NSAIDs groups ( Figure 1 ). Four eyes of 40 (10.0%) in control group had an increased macular edema >40 µm and no cases were detected in NSAIDs groups. Figure 2 showed the percentage of eyes with postoperative changes in CMT≤25 µm, between 25 and 40 µm, and ≥40 µm in comparison to preoperative thickness in all groups. The highest percentage of increased CMT>25µm was observed in control group.
DISCUSSION
This prospective, RCT demonstrated the value of addition of two days pre-surgically and two months postoperatively topical NSAIDs as a prophylactic regimen to the topical corticosteroids after uncomplicated phacoemulsification in diabetic patients. The effect appears obviously on OCT CMT and BCVA. In addition to that, it also compared the efficacy of nepafenac and ketorolac eye drops on macular thickness. The reason behind the selection of diabetic patients undergoing cataract surgery to be included in this study; is the fact that, changes in the blood retinal barriers in diabetic patients carry a high risk of development of postoperative macular edema in those patients even if they had no preoperative DR or DME [16] . Patients with DR were excluded from the current study to avoid acceleration of DR which was documented in many studies [6, 9] . In addition, to make a clear cut between DME and macular edema related to the cataract surgery. Following the same concept, we decided to use the CMT to assess the development of postoperative macular edema. Pseudophakic CME is usually presented with a central macular edema and cystoid fluid accumulating in the central macula. In contrast, DME typically had a higher retinal volume and diffuse or focal retinal thickening [17] . Perhaps the most important finding in this study was that the addition of preoperative NSAIDs to the standard therapeutic corticosteroid regimen used after uncomplicated cataract surgery decreased the occurrence of postoperative CME. Incidence of CME or OCT CMT was evident with significant differences between control group and NSAIDs groups. No cases of clinical CME (increased CMT>40 µm from preoperative baseline) were detected in groups received NSAIDs, in contrast, clinical CME was detected in 10% of patients in the control group. In a similar study by Wittpenn et al [18] evaluating the efficacy of prophylactic ketorolac in addition to steroid versus steroid only on macular thickness after uncomplicated phacoemulsification surgery; the authors reported an increase of the macular thickness in the control group with 1.8% of patients had clinical CME (increase CMT>40 µm from preoperative baseline). The current study showed that 10% of patients High statistically significant at P value <0.01.
in control group had clinical CME with significant increase in macular thickness in comparison to NSAIDs groups. Wittpenn et al [18] reported 11.5% of patients in control group had an increase in the foveal thickness 25-40 µm and 8.4% in ketorolac group, while in the current study a higher incidence of increased CMT was noticed and it was 65% of patients in control group, 25% in nepafenac group and 35% in ketorolac group. Wittpenn et al [18] evaluated macular thickening in low risk patients for 4wk only and used NSAIDs 4 drops over one hour preoperatively in both control and therapeutic groups to maintain mydriasis during surgery which could explain the decrease in CME incidence in comparison to the current study. The effect of increased macular thickness after standard phacoemulsification on BCVA was another important clinical issue. This study supported the fact that OCT measured CMT had adverse effect on BCVA. However, it should be noted that postoperative BCVA was excellent immediately after phacoemulsification surgery. Similar to the current study, Singh et al [19] reported that postoperative BCVA was affected in correlation with OCT macular thickness. The present study found no statistically significant differences in macular thickness between Nepafenac and Ketorolac groups. The effect of Ketorolac on the incidence of CME seen in this study was consistent with the results of the study of Donnenfeld et al [20] which evaluated Ketorolac effect that was taken by patients either 3d, one day or one hour preoperatively and continued postoperatively with corticosteroids for all groups. The authors reported that CME developed in 12% of patients in the group which did not receive ketorolac and 4% in the group that received ketorolac one hour preoperatively. In contrast none of the patients received ketorolac for one day or 3d preoperatively developed CME. The study did not exclude patients with intraoperative complications but excluded any preoperative risk factors for CME. Also, the effect of nepafenac on the incidence of CME seen in the present study was demonstrated in Singh et al's [19] , study that evaluated the effect of nepafenac which was given one day preoperatively to day 90 postoperatively. In their study, nepafenac had a statistically significant effect in the prevention of macular thickening compared with vehicle group. Macular thickening ≥30 µm was 16.7% of patients in control group versus 2.4% in nepafenac group. The study was conducted on 263 non-proliferative diabetic retinopathy (NPDR) patients and was continued for 90d follow up. Tzelikis et al [21] reported that the use of prophylactic ketorolac or nepafenac were not effective in the prevention of macular thickening after uneventful cataract surgery compared with placebo. In their study, macular thickness >25 µm was reported in 7% of placebo group, 6% of nepafenac group and 3% in Email:ijopress@163.com ketorolac group. This study excluded any preoperative risk factors for CME and intraoperative complications. Hayashi et al [16] compared changes in macular edema in eyes with DR and in eyes without DR after phacoemulsification surgery. They found that the degree of DME changes was more prominent in eyes with DR than in eyes with no DR. Macular edema increased up to 3mo after cataract surgery, but thereafter decreased gradually. In the present study all cases had no DR preoperatively and macular thickening was reported postoperatively and the difference was statistically significant between the control group and NSAIDs groups. A database study of about 81 thousand eyes from patients with diabetes documented an increasing risk of new macular edema after surgery even in the absence of DR [22] . Also, multicenter database study across 19 centers from an electronic medical record system including 4850 eyes undergoing cataract surgery in patients with diabetes with no history of DME prior to study start demonstrated that the rate of developing treatmentrequiring DME increased sharply in the year after cataract surgery. Risk of treatment-requiring DME was associated with pre-operative grade of retinopathy: being 1.0% in diabetic patients without DR pre-operatively, 5.4% in mild NPDR, 10.0% in moderate NPDR, 13.1% in severe NPDR and 14.9% in proliferative diabetic retinopathy [23] . In contrast to this database, the current study documented an increasing risk of treatment requiring CME to 10%. The current study included a small number of diabetic patients (compared to the above mentioned study) without DR undergoing phacoemulsification with postoperative follow up only for 3mo. Pollack et al [24] documented that 32% of eyes without preexisting DR developed CME after extracapsular cataract extraction. In the present study 10% (4 cases out of 40 in control group) developed CME and 0 in NSAIDs group. Clinical macular edema in the present study was less than that shown in Pollack et al [24] , due to good control of HbA1c and using phacoemulsification technique. The present study revealed that 30% of cases in the control group had shown poor pupillary dilatation during surgery, on the other hand, no such cases were reported in the NSAIDs group. This phenomenon could be explained by the anti-inflammatory effect of NSAIDs which guard against the effect of surgical trauma including corneal incision, phacoemulsification, instrument manipulations and irrigation which stimulate ocular inflammation and release of PGs, leukotrienes, lipoxins, hepoxylins, and platelet-activating factor which induce conjunctival hyperemia, miosis, pain, change in IOP, posterior synechiae, and CME. Many studies had demonstrated the effectiveness of different types of topical NSAIDs in preventing miosis during cataract surgery as (flurbiprofen, nepafenac 0.1%) [25] or ketorolac [26] .
The limitations of the present study include: absence of fluorescein angiography for the study patients which can detect small abnormalities in blood retinal barriers. The OCT used in this study was a noninvasive maneuver and easy to be applied to large numbers of patients but it detects only changes in thickness ≥10 µm without any information about blood retinal barriers problems. However, optical coherence tomography angiography could give helpful data about microvascular changes, and might be used in the future studies.
There was no collected data about the duration of surgery or phacoemulsification parameters which might play a role in the macular thickening.
In conclusion, this study revealed the prophylactic effect of topical NSAIDs in reducing the frequency and severity of CME in diabetic patients undergoing cataract surgery; and showed insignificant difference between ketrolac and nepafenac eye drops in the prevention of macular edema.
